We present a detailed two-dimensional (2D) quantal study of the dynamical evolution of microwave-driven Rydberg H atoms. We examine the range of validity of the conventional onedimensional (1D) models and explore the frequency-and intensity-dependent excitation and ionization mechanisms. The main findings of this paper can be summarized as follows: (i) 
I. INTRODUCTION The study of the dynamical evolution of highly excited hydrogen atoms driven by strong microwave fields is currently a subject of considerable interest both experimentally ' and theoretically.
Because of the cornplexity of the problem, one-dimensional (1D) models ' were often introduced to simplify the dynamics. Use of the classical dynamics shows that the system undergoes a transition from regular to chaotic motions ' ' as the field strength exceeds a critical value c. " leading to diffusive ionization of the atom. On the other hand, quantal studies of the same 1D Hamiltonian show that quantum interference can lead to significant inhibition of the diffusive motion in energy space, and that the quantual motion is stable even though it can be diffusive. Recently, it has been further found that large-amplitude ionization can occur at frequencies much below those required for the one-photon photoelectric effect.
To examine the scope of the validity of the 1D models and to explore the detailed frequency-and intensitydependent excitation and ionization mechanisms, we have performed a detailed two-dimensional (2D) ab initio quantum-mechanical study of the nonlinear dynamical evolution of the microwave-driven Rydberg states of hydrogen atoms near the onset of classical chaos. The 2D results show significant departures from the strict 1D model in some intensity regimes regarding the time development of Rydberg states as well as the most probable ionization pathways. Further, it is found that ionization mechanisms are strongly frequency dependent. There are generally two different mechanisms operating in the excitation of Rydberg atoms: rnultiphoton resonant excitation and quantum diffusion. The former occurs when the separation of two nonadjacent quantum states (say,~i ) and~j ) )~E, E~=%%co and simultan-eous absorption (or emission) of 1V' photons can take place. On ' we shall assume that the hydrogen atom is initially prepared in a very elongated quantum state having parabolic quantum number at n & =no -1, n2 =0, m =0, where n, (»1) is the principal quantum number n of the initial state. Since the magnetic quantum number m is a constant of motion (m =0 in this case), and since n = n, + n &+~m~+ 1, only two quantum numbers (n, and n2 or n and n2) can be varied during the excitation. Thus the quantum system under study is essentially a two-dimensional one.
In Fig. 1 (n (t) ) defined as (n (t)) =QP(no~n';t)n', Fig. 6 except the field strength has been increased to F0=0.05, which is larger than the quantum delocalization threshold c, q. The 1D results agree well with the total 2D results for both (a) . j The uantum limitation of clasis not seen in Fig. 11(a (X(t)) ( 1O' a.u. ) ia ram (P(t) ) vs (X(t) ). ' '' However 
